It is shown, among other things, that the category of hypermodules is an exact category, thus generalizing the classical case.
Introduction
The theory of hyperstructures has been introduced by Marty in 1934 during the 8th Congress of the Scandinavian Mathematicians [4] . Marty introduced the notion of a hypergroup and since then many researchers have worked on this new topic of modern algebra and developed it. The notion of a hyperfield and a hyperring was studied first by Krasner [2] and then some authors followed him, for example, see [8] .
The canonical hypergroups are a special type of hypergroup. Initially they were derived from the additive part of the hyperfield and hyperring. The name canonical has been given to these hypergroups by Mittas, who is the first one that studied them extensively [7] . Again in the context of canonical hypergroups some mathematicians, for example, [5] studied hypermodules whose additive structure is just a canonical hypergroup.
Considering the class of hypermodules over a fixed hyperring R and the class of all homomorphisms among hypermodules together with the composition of the mappings, knowing that the composite of two homomorphisms is again a homomorphism and that for any hypermodules A over the hyperring R, id A : A → A, id(a) = a, is a homomorphism among hypermodules, we can construct a category which is denoted by Hmod.
In this paper some aspects of hypermodules are studied. We will show that the category Hmod is exact in the sense that it is normal and conormal with kernels and cokernels in which every arrow f has a factorization f = νq, with ν being a monomorphism and q an epimorphism (see [6] ). Two of the most used results of the paper are those which state that the monomorphisms of Hmod (in the categorical sense) are the one-to one-homomorphisms and the epimorphisms of Hmod are the onto homomorphisms.
Preliminaries and notations
In this section we recall some definitions from the theory of hyperstructures and fix our notations. For other notions concerning this theory which may be used in this paper we refer the reader to [1, 8] . The principal notions of category theory can be found in [3, 6] .
A nonvoid set H endowed with a hyperoperation + is called a canonical hypergroup if the following axioms are satisfied:
there is an element 0 ∈ H such that for every x ∈ H there is a unique element x ∈ H such that 0 ∈ (x + x ) ∩ (x + x). We will denote x by −x and we will call it the opposite of x; instead of x + (−y) we will write x − y;
Remark 2.1. It can be easily seen that 0 is unique and that x + 0 = 0 + x = x for every x ∈ H. (For a study of canonical hypergroups we refer the reader to [7] .)
Following [2] a nonvoid set R endowed with a hyperoperation (+) and with an (internal) operation (·) is called a hyperring if (i) (R,+) is a canonical hypergroup; (ii) (R,·) is a multiplicative semigroup having 0 as a bilaterally absorbing element; that is,
Following [1] a (left) hypermodule over a hyperring R is a canonical hypergroup (A,+) together with a scaler single-valued operation (·), that is, a function which associates to any pair (r,x) ∈ R × A an element r · x ∈ A such that for all (x, y) ∈ A 2 and (r,s)
Definition 2.2. If A and B are two hypermodules over a fixed hyperring R, then a function
Throughout the following sections we will be concerned almost exclusively with hypermodules.
Monomorphisms and epimorphisms in Hmod
Let R be a fixed hyperring. As we have explained in the introduction, if we consider the class of all hypermodules over the hyperring R and the class of all homomorphisms among them, we get a category which is denoted by Hmod. In this section we will study some properties of this category. We start with the following useful theorem. Proof.
(1) Since g is onto for any c ∈ C, there exists a ∈ A such that g(a) = c. Define
(2) It follows easily from definition of h. Statements (3) and (4) are direct applications of (1) and (2).
Let A be a hypermodule and let B be a subhypermodule of A. Then there is only one hyperstructure of hypermodule on A/B = {a + B | a ∈ A} such that the mapping π : A → A/B is a homomorphism given by the hyperoperation
and (internal) operation
The homomorphism π is onto. We call it the canonical projection. The following fact is an immediate consequence of Theorem 3.1.
Corollary 3.2. Let A, B be hypermodules over the hyperring R, f : A → B a homomorphism, and C a subhypermodule of A. Then,
The next two results characterize monomorphism and epimorphism in the category Hmod. (1) f is one to one; (2) ker f = {0}; (3) for any hypermodule C and for any homomorphisms g,h :
Proof. (2)⇒(1). Assume that (2) holds. Then, for any x, y ∈ A, f (
That is, a ∈ ker f , therefore a = 0. This shows that 0 ∈ x − y and hence, x = y.
(1)⇒ (3) is trivial. (3)⇒(2) will be proved by showing that the negation of (2) leads us to the negation of (3). Indeed, if ker f = {0}, then there exists a ∈ A such that a = 0, f (a) = 0. Let g : ker f → A be the inclusion mapping and consider h : ker f → A as the zero mapping, that is, h(a) = 0 for all a ∈ ker f . Clearly g, h are homomorphisms and we have also (1) f is onto; (2) for any hypermodule C and for any homomorphisms g,h :
Proof. 
(3.5)
The following theorem follows immediately from Theorems 3.3 and 3.4. 
Categorical properties of Hmod
In this final section we give some properties of the category Hmod. First of all we characterized subobjects and quotient objects in this category. .2) commutes. We have In the next theorem we show that the category Hmod has images and coimages too. 
. The function f is also onto. In fact, for any [B,h] ∈ S knowing that h is a homomorphism it follows that h(B) ∈ S 0 . We will show that f (h(B)) = [B,h], that is, (h(B),i h(B) ) ∼ (B,h). The mapping φ : B → h(B), φ(b) = h(b) is a bijection one and it is a homomorphism, thus φ is an isomorphism and we have h = i h(B) • φ which means that (h(B),i h(B) ) ∼ (B,h):
B 1 = a ∈ A | π B1 (a) = B 1 = a ∈ A | ψ π B1 (a) = B 1 = a ∈ A | π B2 (a) = B 2 = B 2 ,(4.K → u(K), u 1 (a) = u(a), is an isomorphism, hence u −1 1 : u(K) → K is also an isomorphism, therefore γ = u 1 | f (AC → B, 0 CB (c) = 0. For any c ∈ C we have f • i C (c) = f (c) = 0 = 0 CB (c), thus f • i C = 0 CB . If D ∈ Ob j Hmod and μ ∈ hom(D,A) such that f • μ = 0 DB , then f (μ(d)) = 0, for all d ∈ D, hence μ(D) ⊆ C. It follows that the mapping γ : D → C, γ(d) = μ(d),
